The aim of this study was to evaluate the variability of clinician-performed Focused Assessment with Sonography for Trauma (FAST) examinations and its impact on abdominal computed tomography (AbCT) use in hemodynamically stable children with blunt torso trauma (BTT). The FAST is used with variable frequency in children with BTT.
T rauma remains the leading cause of morbidity and mortality in children older than 1 year. 1 Despite education and judicially enforced safety requirements, more than 12 million children seek medical treatment annually following injury. 2 Blunt torso trauma (BTT) is a frequent mechanism of injury in children, and intra-abdominal injuries (IAIs) continue to contribute substantially to pediatric morbidity and mortality. 3, 4 The Focused Assessment with Sonography for Trauma (FAST) examination is a valuable tool in the evaluation of adult patients following trauma. 5 Numerous studies demonstrate its high sensitivity and specificity for detecting hemoperitoneum 5Y7 as well as its ability to aid in triaging patients to immediate operative intervention versus those requiring additional radiographic evaluation. 8 A survey by Baka et al. 9 in 2002 demonstrated that, despite the frequent use of FAST examinations in injured adult patients, it is not frequently used in the pediatric trauma population. A 2007 systemic review and meta-analysis of the FAST examination in children demonstrated good test characteristics for detecting hemoperitoneum following blunt trauma, suggesting that its use could aid physicians in evaluating injured children. 10 Abdominal computed tomography (AbCT) scanning is considered the reference standard diagnostic test for evaluating hemodynamically stable patients for possible IAI. 11, 12 However, in injured children, there is substantial concern regarding radiation exposure and risk for subsequent lethal malignancies.
13Y16
The FAST examination has been demonstrated to safely reduced AbCTuse in two randomized controlled trials in injured adults; 3, 17 however, it has not been evaluated in this fashion in children following BTT. Implementing the FAST examination in the appropriate pediatric population may have the potential to safely decrease the frequency of AbCT scans obtained, thus limiting radiation exposure in injured children. Despite this potential, its use remains limited in this population, likely because of lack of evidence on its utility. The impact of the information gathered from the FAST examination on subsequent pediatric patient care and outcomes remains unknown.
The objective of this study was to evaluate the variability of clinician-performed FAST examinations and the use of AbCT following FAST examination in children with BTT. We hypothesized that injured children considered by the clinician to be at low risk for IAI undergoing FAST examination would be less likely to have an AbCT performed during their emergency department (ED) evaluation.
PATIENTS AND METHODS

Study Design
We performed a prospective observational study of children (G18 years of age) with BTT. This planned secondary analysis was part of a large study to develop a prediction rule to identify children at very low risk for IAIs after BTT. The study was approved by the institutional review boards at all participating sites. Detailed methodology of the parent study and definition of IAI are presented elsewhere;
18 pertinent methodology to this substudy is presented below.
Study Setting and Population
This study was conducted from May 2007 to January 2010 at 20 EDs in the Pediatric Emergency Care Applied Research Network (PECARN). 19 Patient inclusion and exclusion criteria are listed in Table 1 .
Study Protocol
Data collected included patient demographics, mechanisms of injury, physical examination findings, and physician suspicion of IAI before any imaging. Physicians providing care determined an estimate of each patient's risk for IAI based on history and physical examination and not on study protocol. Physician suspicion of IAI was classified into the following five categories: very low, less than 1%; low, 1% to 5%; moderate, 6% to 10%; high, 11% to 50%; and very high, greater than 50%.
All care provided, including the use of the FAST examination, AbCT scans, and patient hospitalization, was at the discretion of the treating ED physicians (surgeon, emergency physician, pediatric emergency [PEM] physician, or pediatrician). The medical records of the hospitalized children were reviewed to document additional imaging, identification of IAI, treatments, and outcomes. The guardians of the children discharged from the ED were contacted by trained research coordinators at least 1 week after the index ED visit to identify any abdominal imaging obtained, hospitalizations, or missed abdominal injuries identified after the initial ED visit. If telephone follow-up was unsuccessful, follow-up questionnaires were mailed to the guardians of those patients. If the survey was not returned, we reviewed the patient's medical record, hospital quality improvement reports, trauma registries, and county morgue records to identify any subsequent imaging or missed injuries.
Outcome Measures
The primary outcome measures were (1) the frequency of FAST examination, (2) the frequency of AbCT scanning, and (3) the number of patients with ''missed'' IAIs. The FAST examination was considered to have been performed if it was documented on the data collection form. An AbCT scan was considered to have been performed if it was documented during the patient's ED evaluation or hospitalization. A patient with a missed IAI was defined as any patient undergoing the FAST examination where an IAI was diagnosed after discharge from the ED or hospital.
Data Analysis
We describe the patient population and other data with descriptive statistics with 95% confidence intervals (CIs) where appropriate. Patients from centers that performed FAST examinations on fewer than 5% of eligible patients were excluded. Among the sites performing FAST examinations on more than 5% of eligible patients, we calculated the relative risk (RR) ratios for undergoing an AbCT scan for each clinician suspicion stratum for those undergoing a FAST examination compared with those who did not undergo a FASTexamination. By performing this stratified analysis, we controlled for the clinician's impression of injury risk. In addition, we performed a sensitivity analysis by calculating the RR ratios of performing AbCT scans among all eligible patients in the study (including those at sites performing FAST examinations on G5% of eligible patients). We performed all data analyses with the SAS software version 9.2 (SAS Institute, Cary, NC).
RESULTS
A total of 10,823 patients from 20 centers were eligible for this substudy, and the FAST examination was performed in 935 (8.6%). Between sites, use of the FAST examination ranged from 0% to 58% of eligible patients (Fig. 1) . FAST use by eligible patient, stratified by ED volume, was as follows: centers with fewer than 25,000 pediatric visits per year, 194 (8%) of 2,497; centers with 25,000 to 50,000 pediatric visits per year, 546 (18%) of 3,017; and centers with more than 50,000 pediatric visits per year, 195 (4%) of 5,309. When stratified by type of hospital, FAST use by eligible patient was as follows: pediatric-only centers, 541 (8%) of 7,002; and centers providing trauma care to both adults and children, 394 (10%) of 3,821.
Eight centers performed the FAST examination on fewer than 5% of eligible patients, and these patients were subsequently excluded from our main analysis. These eight centers evaluated 4,355 patients and performed the FAST examination on only 48 patients (1%).
The population evaluated in our main analysis consisted of the 6,468 patients (59.8%) from the 12 centers performing FAST on more than 5% of eligible patients. The median age was 11.8 years (interquartile range, 6.3Y15.5 years). Among these 6,468 patients, 887 (13.7%) underwent the FAST examination. No difference existed in the median age between those who underwent FAST examination (11.6 years) and those who did not (11.8 years), p = 0.78. Sex and mechanism of injuries for this study population are presented in Table 2 .
Clinical Impact of the FAST Examination
AbCT scans were obtained for 3,015 patients (46.6%), and IAIs were diagnosed in 373 patients (5.8%). The use of FAST ranged from 5.5% to 58% of patients in the 12 centers. As the clinical suspicion for IAI increased, so did the use of the FAST examination: 392 (11%) of 3,555 for less than 1% suspicion, 232 (13.5%) of 1,724 for 1% to 5% suspicion, 128 (20.5%) of 624 for 6% to 10% suspicion, 89 (23.2%) of 383 for 11% to 50% suspicion, and 43 (30.7%) of 140 for greater than 50% suspicion (42 patients were not included as documentation regarding clinician suspicion was missing on the data collection form). Figure 2 demonstrates the rate of AbCT and FAST use for each of the 12 centers and suggests that the rate of CT decreases as FAST increases. The RR for obtaining an AbCT scan after undergoing a FAST examination was stratified by clinician suspicion of IAI and is presented in Table 3 . Patients for whom the clinicians had 1% to 5% and 6% to 10% suspicion of IAI were significantly less likely to have a CT performed if a FAST examination was initially performed. We noted no significant difference, however, in the risk for AbCT if clinicians suspected that the child had less than 1% likelihood of IAI or greater than 10% likelihood. A sensitivity analysis was performed by removing the one site that performed the FAST examination the most. The decrease in AbCTuse after FAST became less apparent when that site is removed from the analysis (Appendix 1).
In the sensitivity analysis including data from all 20 centers, the results were unchanged. Risk for AbCT was lower in those considered at 1% to 5% and 6% to 10% suspicion of IAI if a FAST examination was initially obtained: RR, 1.01 clinician suspicion of IAI of less than 1%, 1% to 5%, 6% to 10%, 11% to 50%, and greater than 50%, respectively. Seventy-five (8.5%) of the 887 patients undergoing FAST examination were ultimately diagnosed with IAI. None (0%; 95% CI, 0Y3.9%) of these 75 cases of IAI were diagnosed after being discharged from the ED or hospital (i.e., there were no cases of missed IAIs).
DISCUSSION
We evaluated the variation and clinical impact on AbCT use of the FASTexamination in hemodynamically stable children who had sustained BTT in a large multicenter research network. We identified substantial variation in the use of the FAST examination between centers and between patients. Furthermore, almost one half of the participating sites performed the FAST examination at a very low rate (G5% of children with BTT). Perhaps, most importantly, we found that the use of the FAST examination was associated with decreased subsequent AbCT scanning in those children considered to be at 1% to 10% risk for IAI by the treating physicians.
During the past 15 years, the use of the FAST examination has steadily increased in the evaluation of adult trauma patients. Its use in pediatric trauma patients, however, has lagged. In the current study, although some sites used the FAST examination on a substantial portion of injured children, many did not. Whether this is due to the belief that ultrasound in this population is less useful 20 or that PEM physicians are poorly trained in the performance of the FAST remains unanswered. 21 This study clearly demonstrates, however, substantial variability and the persistent lack of routine use of the FAST examination in children with BTT.
In 2002, a survey of PEM physicians measured the use and perceived utility of the FAST examination in injured children. 9 The authors found that 14% of PEM physicians stated that they used the FAST examination. As the annual ED patient volume increased, however, a trend toward increased use of the FAST examination was noted. Furthermore, at that time, PEM physicians believed the FAST examination was less useful than did general emergency physicians. A 2008 survey evaluated the use of the FAST examination at pediatric and adult trauma centers. 22 The authors surveyed nearly 100 trauma centers of which approximately 25% were children-only hospitals, 25% were adultonly hospitals, and half cared for both adults and children. Only 15% of the children's hospitals routinely used the FAST examination as part of their evaluation following trauma, while 96% of the adult-only centers and 85% of the combined centers reported routine use of the FAST examination. Both of these surveys demonstrated that higher-volume centers were more likely to use the FAST examination as part of their diagnostic evaluation of injured children. In the current study, however, we could not confirm that centers with higher pediatric volumes were more likely to perform the FAST examination.
Reasons for the relative lack of incorporation of the FAST examination into the evaluation of injured children are unclear. Current recommendations in the Advanced Trauma Life Support course are vague with regard to the use of the FAST examination in children. They recognize that use of the FAST examination in children is rapidly evolving; however, the appropriate use and the added utility are yet to be determined. 23 As such, additional rigorous studies, and, in particular, a definitive randomized controlled trial, are needed to critically evaluate the use of the FAST examination in injured children.
Most children with IAIs are clinically stable, and the sensitivity of the FAST examination in such patients is likely to be lower. 24 Furthermore, up to 37% of IAIs in children are not associated with hemoperitoneum (on CT), so the result of the FAST examination would likely be negative in such patients despite the presence of an IAI. 24 As a result, concern of missing IAIs in children likely results in many providers not using the FAST examination and instead opting for AbCT. 22 In the current study, we demonstrated that the use of the FAST examination increased as clinician suspicion of IAI increased. For patients determined to be at higher risk for IAI, a positive result of the FAST examination would triage those patients urgently to the CT scanner. Although more than 90% of children with IAIs are treated nonoperatively, 25Y27 any change in hemodynamics on patients may require immediate operative intervention. As the FAST examination is not 100% sensitive, children considered at higher risk despite normal findings of FAST examinations may still need AbCT scanning. Furthermore, several studies have described IAIs identified following normal findings of FASTexaminations, but most of these injuries are usually minor and managed nonoperatively. 20, 28 In contrast, for children considered at low risk for IAI based on clinician suspicion, the use of the FAST examination may be sufficient, based on this study and a prior meta-analysis, to exclude significant injuries such that CT scans can be obviated. 10 AbCT scan remains the reference standard for diagnosing IAIs; however, its use in injured children poses significant risks from radiation. 29Y31 Interventions to safely decrease its use in children are needed, and for this purpose, the FAST examination may have utility in a select population of injured children. A study of 124 children with blunt abdominal trauma suggested that the FAST examination could safely replace AbCT scanning as the initial diagnostic test. 32 Similarly, a clinical pathway using the FAST examination in injured adults decreased AbCT scanning by more than 50%. 33 Two randomized controlled trials demonstrated a decrease in AbCT use following a FAST examination in injured adults. 3, 17 These studies demonstrated improved care defined by fewer AbCT scans, shorter time to the operating suite, shorter hospital stay, and less costs, while not missing important IAIs. Given the results from the current large, multicenter observational study in pediatric trauma patients and the two adult randomized trials of the FAST examination, a randomized controlled trial to determine the impact of the FAST examination on AbCT use and other outcomes in children with BTT is warranted.
The current observational study demonstrated an association of the performance of the FAST examination with a reduction in AbCT scanning in a substantial portion of injured children. This reduction of 15% to 20% was identified only in those children considered by the treating physicians to be at 1% to 10% suspicion of IAI. The FAST examination was not associated with CT use in those patients considered at very low risk (G1%) of IAI as CT is generally not warranted at such a low risk. Likewise, the FAST examination had very little association on CT use in those at higher risk for IAI (910%) as CT is generally indicated despite normal result of FAST examination because of the imperfect sensitivity of the FAST examination for IAI. A prior meta-analysis indicated the FAST examination to have a negative likelihood ratio of 0.2 in children after BTT. 10 Such a negative likelihood ratio likely impacts clinician decision when the a priori assessment of IAI risk is 1% to 10% but probably does not safely decrease the probability of IAI (after a negative result of FAST) when the a priori risk is greater than 10%.
The importance of identifying IAIs never requiring therapy is not clear, but injuries requiring intervention should be identified in a timely fashion, and the ED evaluation should focus on this. As the FAST examination does not identify all children with IAIs, clinicians may decide to use a period of observation before decision making regarding AbCT scanning for those children with normal result of FAST examinations to avoid missing IAIs requiring intervention. Unfortunately, the existing literature does not clearly define the length of time for observation necessary to exclude the likelihood of an IAI if the FAST examination is the sole method of imaging. Some have suggested a 6-hour period of observation with a repeat FAST examination before ED discharge, if no CT is obtained. 34 Serial FAST examinations, however, have not necessarily proven beneficial in adult patients. 4 In this study, there were no cases of missed IAIs among the patients undergoing the FAST examination. Thus, clinicians appeared to carefully and appropriately treat children with normal result of FAST examinations.
This study has a number of limitations. The study sites were those participating in the PECARN, which consists of select pediatric referral and trauma centers, including many freestanding children's hospitals. Care at these centers may not reflect care at other centers, with less expertise in pediatric trauma care. Second, although this study provides evidence that the FAST examination is associated with decreased AbCTuse in a select group of injured children, the study is observational in nature, with participating centers having various practice patterns, and thus, a randomized controlled trial is needed to definitively answer this question. In addition, we excluded patients with Glasgow Coma Scale (GCS) scores of less than 9 because these patients likely undergo AbCT scanning regardless of FAST findings. As this was a prospective observational study, no provider competency for performing the FASTwas established before the study, thus allowing for variation among clinicians and how they currently practice. Moreover, we did not capture the experience of the clinicians performing the FAST examination or the results of the FAST examination, only whether it was performed. Finally, we did not query the physicians on how the results of the FAST examination specifically impacted clinical decision making. Future work should determine how physicians use the data obtained from the FAST examination and incorporate these into their clinical decision making.
In conclusion, the FAST examination is used in a small percentage of children with BTT, and its use is highly variable among centers. FAST examination use, however, increases as clinician's suspicion for IAI increases. Patients in whom the clinician suspicion for IAI is low or moderate are associated with significantly fewer AbCT scans performed if a FAST examination is performed compared with those in whom a FAST is not performed. Future randomized controlled trials are needed to determine which children with BTT can be evaluated with FAST alone, obviating the use of CT, and which will benefit from further diagnostic imaging. 
